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Theranostics has become a hot topic in current medical research with the rapid 
develepment of medical imaging. Nowadays variety of advanced medical imaging 
technologies have been utilized in medical imaging, for instance optical imaging, 
magnetic resonance imaging (MRI), emission tomography (PET), single-photon 
emission computed tomography (SPECT) and photoacoustic imaging, thus 
contributing to the development of molecular imaging probes and medical imaging. 
Molecular imaging probes are complex that capable of binding to specific biomarker 
and generating imaging signal for disease diagnosis. To date, some imaging probes 
have been appied to clinical, for example 
18
F-FDG, however, these probes are limited 
by their low targeting efficiency. Therefore, highly sensitive activatable probes that 
comprise of specific targeting ligands and imaging moieties are attactive and in 
urgently needed. A highly promising approach that incorporates a desired activatable 
probes is one wherein the probe is tripartite, being composed of a self-immolative 
linker between the enzyme substrate/trigger group and the reporter moiety in the 
fluorescently silent probe. Ideal probe characteristics include rapid cell uptake and 
highly selective activation to yield the reporter, low fluorescence efficiency of the 
unactivated probe but high fluorescence efficiency of the reporter, and highquality 
retention of the reporter inside the diseased cells.  
Activatable probes are imaging signal silent in their intact state and have ability 
to be activated by specific biomolecules and physiological environment changes to 
achieve boosting imaging signal in region of interst for diagnosis. Activatable probes 
have a long history since the first generation. In view of dye-dye self-quenching 
mechanism, biomolecules-based activatable probes with NIR dyes emerged in 1996 as 
the first generation of activatable probes. The second generation of activatable probes 
consists of a fluorophore (donor) and a quencher (accepter) with a small peptide as 
linker to be cleavaged by specific biomarker for amplified fluorescent signal. The 
probes were initially quenched through fluorescence resonance energy transfer (FRET) 
due to the short distance of fluorophore and qucher, and activated by specific 
biomaker or physiological environment. With the tremendous development of 
















developed. The application of nano-materials for instance gold nanoparticles, copper 
sulfide (CuS), quantum dots (QDs) and iron oxide nanoparticles (IONPs) in medicine 
imaging have facilitated the development of the third generation of activatable probes. 
The excellent characteristics of these nano-materials such as small size, large specific 
surface area and high fluorescence quenching efficacy make them promising 
candidates for the design of activatable probes. Nanomaterials-based activatable 
probes was designed by attached nanomaterials and fluorophores to small peptide or 
polymer. In addition, other activatable probes including protein-based, antibody-based 
and NPs-based activatable probes for theranostics are under intense reserch. 
Previous studies showed that photodynamic therapy can induce apoptosis and 
promote the generate of caspase-3. Real-time monitoring of caspase-3 activity is 
helpful for the understanding of apoptosis mechanism and the screening of 
photodynamic therapy agents effectively. By modifying fluorophore and quencher to 
the surface of ferritin and encapsulating photosensitizers in ferritin, we successfully 
designed activatable probe FABP/ZnPc with high sensitivity and stable stability for 
real-time monitoring of the caspase-3 activity. Upon the near-infrared light irradiation, 
the peptide substrate is cleavaged by caspase-3 and strong fluorescence signal is 
generated. We demonstrated that probe FABP/ZnPc is capable of real-time monitoring 
of apoptosis by in vitro cell experiments and in vivo animal experiments. In addition, 
the design and synthesis of probes is generally and versatility, the probe can target to 
other proteases or biomarkers. Also, small molecule materials can be encapsulated to 
ferritin for photothermal therapy (PTT), providing the broad prospects of the probe. 
 





























































































图 1-1 小动物光学成像原理图。 
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